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Abstract
Background: 1) To report site-specific normative values by age, sex and educational level for four
components of the 10/66 Dementia Research Group cognitive test battery; 2) to estimate the main
and interactive effects of age, sex, and educational level by site; and 3) to investigate the effect of
site by region and by rural or urban location.
Methods: Population-based cross-sectional one phase catchment area surveys were conducted in
Cuba, Dominican Republic, Venezuela, Peru, Mexico, China and India. The protocol included the
administration of the Community Screening Instrument for Dementia (CSI 'D', generating the
COGSCORE measure of global function), and the Consortium to Establish a Registry for
Alzheimer's Disease (CERAD) verbal fluency (VF), word list memory (WLM, immediate recall) and
recall (WLR, delayed recall) tests. Only those free of dementia were included in the analysis.
Results: Older people, and those with less education performed worse on all four tests. The effect
of sex was much smaller and less consistent. There was a considerable effect of site after accounting
for compositional differences in age, education and sex. Much of this was accounted for by the
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effect of region with Chinese participants performing better, and Indian participants worse, than
those from Latin America. The effect of region was more prominent for VF and WLM than for
COGSCORE and WLR.
Conclusion: Cognitive assessment is a basic element for dementia diagnosis. Age- and education-
specific norms are required for this purpose, while the effect of gender can probably be ignored.
The basis of cultural effects is poorly understood, but our findings serve to emphasise that
normative data may not be safely generalised from one population to another with quite different
characteristics. The minimal effects of region on COGSCORE and WLR are reassuring with
respect to the cross-cultural validity of the 10/66 dementia diagnosis, which uses only these
elements of the 10/66 battery.
Background
Rapid demographic ageing around the world has impor-
tant implications for health and social care. Cognitive
decline and dementia have a high individual impact and
are strongly age-associated [1], so that their overall preva-
lence and societal impact is increasing rapidly. A recent
consensus report estimated that the number of people
with dementia in the world will increase from 24 million
to 82 million from 2000 to 2040 [2]. This increase will be
particularly marked in low and middle income countries
where epidemiological research into the aetiology and
impact of dementia and cognitive decline is limited. The
10/66 Dementia Research Programme was set up to facil-
itate research in these regions and to provide data that can
be used for public health and service planning [1]. Cogni-
tive tests covering multiple domains are an essential com-
ponent of a definitive dementia diagnostic assessment: for
the purposes of establishing the criterion of decline in at
least two domains of cognitive function, including mem-
ory [3]. Normative data are urgently required, given the
influence of both education and culture on cognitive test
performance [4,5].
The data presented in this paper were drawn from the 10/
66 Dementia Research Group's cross-sectional surveys of
older people carried out in seven urban and four rural
sites in five Latin American countries, China and India.
The primary objective was to generate site-specific norms
for the cognitive test battery used in the 10/66 studies
comprising tests of general cognitive function, verbal flu-
ency and immediate and delayed verbal recall. Further
objectives were: a) to assess the independent influences of
age, educational level and gender and their homogeneity
across sites, and b) to assess the extent to which variance
attributable to site could be attributed to the effects of
region and/or rural versus urban residence.
Method
Study design
The design of the 10/66 Dementia Research Group (DRG)
baseline population-based studies has been described in
detail [6]. Briefly, cross-sectional surveys were carried out,
approaching all residents aged 65 and over within purpo-
sively selected geographically-defined catchment areas at
each site. No over-sampling strategy was applied (e.g. with
respect to age groups). Affluent districts were intentionally
avoided. A target sample of 2000 persons aged 65 years
and over, per country (3,000 in Cuba) was identified by
means of door knocking the catchment areas. Peru, Mex-
ico, China and India recruited both from rural and urban
sites. Interviews followed a comprehensive one-phase
design where all participants received a full assessment
including: cognitive and mental health evaluation, an
informant interview, a physical and neurological exami-
nation, blood assays and genotyping, in addition to ques-
tionnaire measures of environmental and behavioural
risk exposures, sociodemographic and socioeconomic sta-
tus, and physical health status. Disability, health service
utilisation, care arrangements and impact of providing
care were also evaluated.
Measurements
For this analysis we considered the following socio-demo-
graphic measures as independent variables: participants'
age divided into four groups (6569 years, 7074 years,
7579 years, 80 years and over), sex, and education level
divided into five groups (none, some (but did not com-
plete primary), completed primary, completed secondary,
and tertiary). Age of participants was formally established
during interview from stated age, official documentation,
informant report and, in the case of discrepancy, age
according to an event calendar.
The 10/66 cognitive assessment battery was drawn princi-
pally from the Community Screening Instrument for
Dementia (CSI 'D') developed by the Ibadan-Indianapolis
study group [7] specifically for use in cross-cultural
research, and in low education settings, and from the
Consortium to Establish a Registry for Alzheimer's Dis-
ease (CERAD) [8]. As such, components of the battery
have been very widely used in other population and clin-
ical research. In our large multi-site pilot study [9] we
developed and validated a culture- and education-fair
algorithm for dementia diagnosis across a wide variety ofBMC Neurology 2009, 9:48 http://www.biomedcentral.com/1471-2377/9/48
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low and middle income country settings, comprising
components of the cognitive test battery in combination
with the Geriatric Mental State and the informant section
of the CSI 'D'
The analysis described here focussed on the four main
tests included in the 10/66 cognitive test battery:
1) Global cognitive function: The Community Screen-
ing Instrument for Dementia (CSI 'D') [7] includes a
32 item cognitive test assessing orientation, compre-
hension, memory, naming and language expression,
which is used to generate a global cognitive score
(COGSCORE). The CSI 'D' was from the outset
intended to be used across cultures with the minimum
of necessary adaptation. It was developed and first val-
idated among Cree American Indians [7,10], further
validated and used in population-based research (The
US-Nigeria Study) among Nigerians in Ibadan and
African-Americans in Indianapolis [11], and has also
been validated among white Canadians in Winnipeg
[12], and in Jamaica in conjunction with the CERAD
battery [13]. The CSI 'D' test score distributions among
those with dementia and controls, and the degree of
discrimination provided were remarkably consistent
across the aforementioned cultural settings [12].
2) Memory: The 10/66 battery includes two elements
of the CERAD 10 word list learning test: world list
memory (WLM) and word list recall (WLR), testing
immediate and delayed recall respectively. WLR has
been reported to be of particular value in distinguish-
ing early dementia from normal aging [14]. WLM and
WLR are taken from the adapted CERAD ten word list
learning task used in the Indo-US Ballabgarh demen-
tia study [15]. Six words; butter, arm, letter, queen,
ticket, and grass; were taken from the original CERAD
battery English language list [16]. Pole, shore, cabin,
and engine were replaced with corner, stone, book and
stick, which were deemed more cross-culturally appli-
cable. In the learning phase, the list is read out to the
participant from a green card, who is then asked to
recall straight away the words that they remember.
This process is repeated three times, giving a WLM
score out of 30. In the 10/66 protocol, approximately
five minutes later, after a series of unrelated CSI 'D'
questions (name registration, object naming, object
function, repetition) the participant is again asked to
recall the 10 words with prompting that they were
read from a green card, giving a WLR score out of 10.
3) Verbal fluency (VF): the animal naming verbal flu-
ency task [7] from the CERAD is administered as part
of the CSI 'D', however it is accorded very little weight
within the algorithm for calculating the total CSI 'D'
score. In the version of the test used in CSI 'D', after a
brief practice naming items from another category
(clothing), participants are encouraged to name as
many different animals as they can in the space of one
minute. The instructions read out to the participant
stipulate: 'think of any kinds of animal in the air, on
land, in the water, in the forest, all the different ani-
mals'. If the participant stops before the allotted time
has elapsed they are encouraged to continue. The score
is one point for each valid name. In the computation
of the CSI 'D' cognitive test (COGSCORE) the VF score
is divided by 23. These weighted scores generally range
between 0 and 1, the same as for a single CSI 'D' ori-
entation item.
The CERAD neuropsychological battery has been adapted
for use in India [15], Korea [17], Brazil [18], Nigeria [16]
and Jamaica [13], and norms have been provided for
black and white persons in the USA, both with dementia
[19], and among the general population [20]. While edu-
cation effects are prominent, cultural or ethnic differences
have been less evident [13,17]. CERAD battery compo-
nents have been found to distinguish reliably between
those with dementia and controls across cultures [13,15].
Ethical considerations
The study was carried out in compliance with the Helsinki
Declaration and all participants provided informed con-
sent. The study was considered and approved by the
appropriate Research Ethics Committee at King's College
London (Institute of Psychiatry and South London &
Maudsley NHS Trust (references 076/03 and 209/01) after
approvals at all participating sites (Ministerio de Salud
Pública in Cuba, Bioethics National Committee for
Research in Dominican Republic, Instituto de la Memoria
in Peru, Medical Ethics Committee of Peking University
the Sixth Hospital in China, Institutional Review Board of
Christian Medical College in Vellore, Institutional Review
Board of Voluntary Health Services in Chennai, Instituto
Nacional de Neurologia y Neurocirugia in Mexico, Uni-
versidad Central de Venezuela).
Statistical analysis
For this analysis, all participants who had received a diag-
nosis of dementia according to either DSM-IV [3] or 10/
66 dementia criteria were excluded [9]. Participants' age,
sex and education data were described by site. Means and
standard deviations (SD) for each of the four cognitive
tests were calculated by age, sex and education for each of
the eleven sites. General linear models were used to deter-
mine the unadjusted and independent effects of age, sex
and education on cognitive test scores across sites. We
then tested formally for effect modification by extending
the models used to estimate the main effects of age, edu-
cation and sex to include site by age, site by education andBMC Neurology 2009, 9:48 http://www.biomedcentral.com/1471-2377/9/48
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site by sex interaction terms. Finally, we estimated the pro-
portion of the variance (eta2) in each cognitive test
accounted for by age, education, gender and site. We fur-
ther sought to investigate the variance accounted for by
site by substituting this variable with two further variables
sub-classifying sites into region (Latin America versus (a)
China, and (b) India) and rural or urban location. The
effect of region (controlling for age, education, gender
and rural/urban location) is summarised as adjusted
means and mean differences with 95% confidence inter-
vals for the two contrasts: China versus Latin America and
India versus Latin America. All analyses were carried out
using STATA 9.2 (StataCorp. 2007. Stata Statistical Soft-
ware: Release 10. College Station, TX: StataCorp LP) on
release 1_5 of the 10/66 baseline dataset.
Results
Response rates for the sites were as follows: Cuba 94%,
Dominican Republic 95%, urban Peru 80%, rural Peru
88%, Venezuela 80%, urban Mexico 84%, rural Mexico
86%, urban China 74%, rural China 96%, urban India
72%, rural India 98%. In all, 14,967 participants were
fully evaluated of whom 1318 met criteria for dementia
[21] and were excluded from further analysis, leaving a
total of 13,649 participants, free of dementia (Table 1).
All age groups were well represented. The Venezuelan,
rural Chinese and Indian samples had a younger age dis-
tribution than other sites. The female/male ratio exceeded
1 in all sites, but with a less striking preponderance of
women in rural Peru, China and India. Educational level
showed considerable variation across sites, highest in
urban Latin America sites (other than the Dominican
Republic), and lowest in rural China and in India. Within
countries, educational levels were consistently higher in
urban compared with rural sites.
Tables 2, 3, 4 and 5 present normative data: stratified
means and standard deviations for the four cognitive out-
comes. Older age and lower levels of education were con-
sistently associated with poorer cognitive test
performance on scores for all four tests, across all sites.
The effect of sex on cognitive test performance was smaller
and more variable, both between tests and between sites.
Men tended to perform marginally better than women on
the COGSCORE, and on VF. For WLM and WLR, women
performed better than men in Latin American sites, but
there was no gender difference in China and India.
Tests for interaction indicated that the effects of age, sex
and education on cognitive test performance were each
significantly modified by site for all four cognitive tests.
However, the effects were uniformly very modest in size,
generally accounting for between 0.1% and 0.3% of the
overall variance. The two largest interaction effects were
those for verbal fluency between site and age (0.6% of the
variance), and site and education (0.5%).
Table 6 summarises the independent effects of age, sex,
education and site on cognitive test performance. Site
accounted for the highest proportion of variance for all
four scores followed by education and then age, except for
WLR where the effect of age was stronger than education.
The contribution of sex to the models was uniformly low.
Most of the effect of site could be more parsimoniously
accounted for by region (Latin America versus (a) China,
Table 1: Sociodemographic characteristics of participants by site
Region Latin America China India
Country Cuba DR Peru Venezuela Mexico
Rural or urban site Urban Urban Urban Rural Urban Urban Rural Urban Rural Urban Rural
Total (n) 2,621 1,769 1,251 516 1,826 910 913 1,076 946 930 891
Age in years ( M V ) 7 0 10 2 3 100040
65  69 years % 28.2 29.0 29.2 33.5 44.1 26.7 32.2 28.7 39.9 42.9 34.8
70  74 years % 28.3 27.3 27.3 25.8 24.9 34.4 26.2 32.5 30.1 32.1 34.9
75  79 years % 22.3 19.5 21.9 18.2 17.8 20.2 22.1 21.9 19.3 14.6 17.7
80+ years % 21.3 24.3 21.6 22.5 13.1 18.7 19.5 16.8 11.0 10.5 12.6
Females ( M V ) 0 2 00 6 0 0000 1 5 0
% 64.4 65.4 64.1 52.5 63.5 65.6 59.9 56.6 55.3 57.3 52.3
Education ( M V ) 81 988 6 3 000020
No education % 2.1 17.8 2.5 14.0 7.3 19.6 31.0 19.2 57.2 41.3 63.6
Some education
(did not complete primary) %
20.9 51.8 6.4 25.6 22.1 35.7 52.3 12.8 11.5 24.2 21.0
Completed primary % 33.0 19.1 31.8 49.6 49.4 24.2 12.8 26.5 26.3 20.8 12.4
Completed secondary % 26.0 7.1 36.1 6.6 14.3 10.4 2.4 29.4 4.4 9.1 2.8
Completed tertiary % 17.9 3.7 22.8 3.1 5.0 10.1 1.5 12.1 0.5 4.4 0.2
DR = Dominican Republic; MV = number of records with missing information on the variable in question.B
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Table 2: Mean (SD) scores for global cognitive function (CSI 'D' COGSCORE) by demographic status and site
Country
Cuba DR Peru Venezuela Mexico China India
Urban Urban Urban Rural Urban Urban Rural Urban Rural Urban Rural
Age
65  69 31.1 (1.9) 30.4 (2.3) 31.8 (1.3) 30.6 (2.9) 31.1 (1.8) 30.8 (1.7) 29.8 (2.1) 31.7 (1.2) 31.0 (3.9) 29.2 (3.0) 27.9 (3.2)
70  74 30.8 (1.9) 30.2 (2.1) 31.3 (2.2) 30.4 (1.8) 30.6 (2.2) 30.1 (2.8) 29.3 (1.9) 31.4 (2.0) 30.7 (2.6) 28.3 (3.7) 27.3 (4.3)
75  79 30.3 (2.1) 29.9 (2.1) 31.1 (2.4) 29.7 (2.7) 30.1 (2.5) 29.5 (2.8) 28.5 (3.4) 31.4 (1.5) 29.6 (4.3) 28.5 (4.0) 27.0 (3.6)
80+ 29.5 (2.6) 28.7 (2.8) 29.6 (3.4) 28.9 (3.4) 29.0 (2.8) 29.3 (2.4) 28.3 (2.6) 30.9 (2.8) 29.1 (3.7) 27.6 (3.4) 25.3 (7.3)
Crude β
(95% C.I.)
-0.5
(-0.6 to -0.5)
-0.5
(-0.6 to -0.4)
-0.6
(-0.8 to -0.5)
-0.6
(-0.8 to -0.4)
-0.6
(-0.7 to-0.5)
-0.5
(-0.7 to -0.4)
-0.5
(-0.7 to -0.4)
-0.2
(-0.3 to -0.1)
-0.7
(-0.9 to -0.4)
-0.8
(-0.7 to -0.3)
-0.8
(-1.0 to -0.5)
Adj. β1
(95% C.I.)
-0.4
(-0.4 to -0.3)
-0.5
(-0.6 to -0.4)
-0.6
(-0.7 to -0.4)
-0.5
(-0.7 to -0.3)
-0.5
(-0.6 to -0.4)
-0.4
(-0.5 to -0.2)
-0.5
(-0.6 to -0.3)
-0.2
(-0.3 to -0.9)
-0.6
(-0.8 to -0.3)
-0.5
(-0.7 to -0.3)
-0.8
(-1.1 to -0.5)
Sex
Females 30.4 (2.3) 29.6 (2.6) 31.0 (2.2) 29.9 (2.7) 30.4 (1.89) 29.9 (2.5) 29.0 (2.5) 31.2 (2.3) 30.2 (3.1) 27.9 (3.4) 26.0 (5.3)
Males 30.7 (2.1) 30.2 (2.01) 31.1 (2.9) 30.2 (3.0) 30.7 (2.54) 30.2 (2.5) 29.2 (2.7) 31.6 (1.2) 30.7 (4.3) 29.7 (3.1) 28.5 (2.52)
Crude β
(95% C.I.)
0.3
(0.1 to 0.5)
0.6
(0.3 to 0.8)
0.0
(-0.2 to 0.3)
0.3
(-0.2 to 0.7)
0.3
(0.1 to 0.5)
0.4
(0.0 to 0.7)
0.2
(-0.1 to 0.5)
0.4
(0.2 to 0.7)
0.5
(0.0 to 0.9)
1.9
(1.4 to 2.3)
2.6
(2.0 to 3.1)
Adj. β2
(95% C.I.)
0.1
(-0.1 to 0.2)
0.4
(0.1 to 0.6)
0.0
(-0.2 to 0.3)
0.1
(-0.4 to 0.6)
0.2
(-0.0 to 0.4)
0.4
(0.0 to 0.7)
0.2
(-0.1 to 0.6)
0.2
(-0.1 to 0.4)
0.1
(-0.5 to 0.6)
1.0
(0.6 to 1.4)
1.4
(0.8 to 2.1)
Education
No Ed. 28.3 (3.7) 28.2 (3.1) 28.7 (3.1) 27.9 (3.7) 29.1 (1.9) 28.5 (2.7) 27.8 (3.3) 30.6 (2.7) 30.1 (3.5) 27.0 (3.3) 26.1 (5.0)
Some Ed. 29.3 (2.5) 29.8 (2.2) 29.8 (2.6) 29.9 (2.2) 29.7 (2.3) 29.5 (2.9) 29.4 (2.1) 30.7 (1.4) 30.3 (3.5) 29.0 (3.3) 28.5 (1.9)
Primary 30.4 (1.8) 30.8 (1.6) 30.6 (2.4) 30.6 (1.9) 30.8 (1.6) 30.6 (1.7) 30.3 (1.8) 31.5 (2.1) 31.0 (4.2) 29.8 (3.5) 30.0 (1.6)
Secondary 31.1 (1.5) 31.1 (1.7) 31.3 (2.7) 30.1 (5.6) 31.1 (3.2) 31.3 (1.3) 30.7 (1.6) 31.9 (1.1) 32.0 (0.7) 31.1 (1.2) 30.9 (1.3)
Tertiary 31.7 (2.2) 31.1 (1.7) 31.7 (1.4) 31.1 (0.9) 31.3 (1.5) 31.6 (1.2) 31.5 (1.2) 32.0 (0.9) 31.4 (1.8) 31.0 (1.5) 31.4 (1.7)
Crude β
(95% C.I.)
0.8
(0.7 to 0.8)
0.7
(0.6 to 0.8)
0.6
(0.5 to 0.7)
0.6
(0.4 to 0.8)
0.4
(0.3 to 0.5)
0.7
(0.6 to 0.8)
0.8
(0.7 to 0.9)
0.3
(0.2 to 0.4)
0.3
(0.2 to 0.5)
0.9
(0.8 to 1.0)
1.2
(1.0 to 1.5)
Adj. β3
(95% C.I.)
0.7
(0.6 to 0.7)
0.6
(0.5 to 0.7)
0.5
(0.3 to 0.6)
0.6
(0.4 to 0.7)
0.5
(0.4 to 0.6)
0.6
(0.5 to 0.7)
0.7
(0.6 to 0.9)
0.3
(0.2 to 0.4)
0.2
(0.1 to 0.4)
0.8
(0.7 to 0.9)
0.9
(0.7 to 1.2)
DR = Dominican Republic
1. Adjusted for sex and education
2. Adjusted for age and education
3. Adjusted for age and sexB
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Table 3: Mean (SD) scores for CERAD verbal fluency (animal naming) test by demographic status and site
Country
Cuba DR Peru Venezuela Mexico China India
Urban Urban Urban Rural Urban Urban Rural Urban Rural Urban Rural
Age
65  69 18.1 (6.2) 15.0 (4.8) 19.3 (5.5) 17.1 (4.9) 20.1 (6.3) 16.9 (5.1) 14.9 (4.2) 17.3 (4.6) 16.2 (5.7) 8.9 (3.3) 10.4 (3.6)
70  74 16.9 (5.8) 14.2 (4.9) 18.2 (5.3) 16.1 (5.1) 18.0 (6.0) 15.7 (5.1) 14.1 (4.4) 16.8 (4.7) 15.8 (5.1) 8.6 (3.4) 10.1 (3.8)
75  79 15.9 (5.4) 13.7 (4.3) 16.9 (4.8) 15.2 (3.7) 16.8 (5.7) 15.2 (4.8) 13.0 (4.5) 16.3 (4.5) 14.1 (5.2) 8.4 (3.3) 9.5 (3.3)
80+ 14.7 (5.6) 12.3 (4.4) 14.3 (5.1) 14.4 (5.0) 14.8 (5.8) 14.3 (5.1) 13.0 (4.6) 15.8 (4.8) 13.1 (5.0) 7.4 (2.5) 9.1 (4.4)
Crude β
(95% C.I.)
-1.1
(-1.3 to -0.9)
-0.9
(-1.1 to -0.7)
-1.6
(-1.9 to -1.3)
-0.9
(-1.3 to -0.5)
-1.7
(-2.0 to -1.4)
-0.8
(-1.1 to -0.5)
-0.7
(-1.0 to -0.5)
-0.5
(-0.8 to -0.3)
-1.0
(-1.4 to -0.7)
-0.4
(-0.6 to -0.2)
-0.4
(-0.7 to -0.2)
Adj. β1
(95% C.I.)
-0.7
(-0.9 to -0.5)
-0.8
(-1.00.6)
-1.4
(-1.7 to -1.2)
-0.8
(-1.2 to -0.5)
-1.4
(-1.7 to -1.1)
-0.6
(-0.9 to -0.2)
-0.7
(-0.9 to -0.4)
-0.5
(-0.8 to -0.3)
-0.7
(-1.1 to -0.4)
-0.4
(-0.6 to -0.1)
-0.4
(-0.6 to -0.2)
Sex
Females 15.9 (5.6) 13.5 (4.5) 17.2 (5.3) 15.6 (4.7) 18.1 (6.2) 15.5 (5.1) 13.5 (4.3) 16.1 (4.6) 14.8 (5.1) 8.1 (3.1) 9.3 (3.7)
Males 17.7 (6.3) 14.6 (5.1) 17.8 (5.9) 16.2 (5.0) 18.7 (6.6) 16.1 (5.2) 14.4 (4.7) 17.4 (4.6) 15.9 (5.9) 9.4 (3.5) 10.7 (3.6)
Crude β
(95% C.I.)
1.8
(1.4 to 2.3)
1.1
(0.6 to 1.6)
0.5
(-0.1 to 1.2)
0.6
(-0.2 to 1.4)
0.6
(0.0 to 1.2)
0.6
(-0.1 to 1.3)
0.9
(0.3 to 1.5)
1.2
(0.7 to 1.8)
1.1
(0.4 to 1.8)
1.3
(0.9 to 1.8)
1.4
(1.0 to 1.9)
Adj. β2
(95% C.I.)
1.3
(0.9 to 1.7)
0.9
(0.4 to 1.3)
0.5
(-0.1 to 1.1)
0.5
(-0.3 to 1.3)
0.2
(-0.4 to 0.8)
0.6
(-0.1 to 1.2)
0.9
(0.4 to 1.5)
0.8
(0.3 to 1.4)
-0.1
(-0.8 to 0.7)
0.9
(0.4 to 1.3)
0.9
(0.4 to 1.3)
Education
No Ed. 13.6 (4.5) 12.8 (4.3) 14.3 (4.5) 13.4 (4.1) 14.8 (5.0) 14.0 (4.4) 12.6 (4.0) 15.3 (4.4) 14.3 (5.1) 7.7 (3.1) 9.3 (3.6)
Some Ed. 13.9 (5.0) 13.4 (4.4) 14.7 (4.6) 15.7 (5.0) 16.7 (6.6) 14.5 (4.7) 14.1 (4.5) 15.2 (5.1) 14.3 (5.1) 8.9 (3.4) 10.3 (3.3)
Primary 15.6 (5.28) 14.8 (5.0) 16.1 (4.9) 16.5 (4.5) 18.8 (6.1) 16.2 (4.9) 14.8 (4.2) 17.1 (4.4) 17.5 (5.7) 10.0 (3.0) 12.0 (3.2)
Secondary 17.2 (5.5) 15.8 (5.2) 17.7 (5.6) 16.9 (6.3) 19.7 (6.0) 18.1 (4.3) 18.0 (4.5) 17.6 (4.2) 17.6 (6.4) 10.3 (3.5) 14.0 (4.1)
Tertiary 20.7 (6.4) 16.8 (5.7) 19.7 (5.7) 16.1 (6.2) 21.7 (7.3) 19.4 (6.0) 18.3 (5.0) 17.2 (5.2) 17.6 (2.7) 9.7 (3.03) 16.0 (2.8)
Crude β
(95% C.I.)
1.9
(1.7 to 2.1)
0.7
(0.6 to 0.9)
1.4
(1.2 to 1.7)
0.8
(0.4 to 1.1)
1.2
(0.9 to 1.4)
1.1
(0.9 to 1.3)
0.9
(0.7 to 1.1)
0.5
(0.4 to 0.7)
0.9
(0.7 to 1.1)
0.5
(0.4 to 0.6)
0.9
(0.7 to 1.1)
Adj. β3
(95% C.I.)
1.6
(1.4 to 1.8)
0.6
(0.4 to 0.8)
1.1
(0.8 to 1.4)
0.6
(0.3 to 0.9)
1.3
(1.1 to 1.6)
1.0
(0.8 to 1.2)
0.8
(0.6 to 1.1)
0.4
(0.2 to 0.6)
0.7
(0.5 to 1.0)
0.4
(0.3 to 0.6)
0.8
(0.5 to 1.0)
DR = Dominican Republic
1. Adjusted for sex and education
2. Adjusted for age and education
3. Adjusted for age and sexB
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Table 4: Mean (SD) scores for CERAD word list memory (immediate recall) test by demographic status and site
Country
Cuba DR Peru Venezuela Mexico China India
Urban Urban Urban Rural Urban Urban Rural Urban Rural Urban Rural
Age
65  69 17.0 (3.9) 15.07 (3.65) 16.9 (3.8) 14.0 (3.8) 16.3 (4.0) 15.0 (3.6) 13.7 (3.6) 18.7 (4.2) 15.5 (4.3) 13.5 (4.8) 8.9 (3.9)
70  74 16.0 (4.1) 14.37 (3.78) 15.7 (3.5) 13.2 (3.7) 15.0 (3.9) 13.5 (4.0) 12.4 (3.9) 18.0 (4.0) 14.6 (3.6) 12.3 (4.5) 7.9 (3.7)
75  79 15.1 (3.8) 13.43 (3.52) 14.4 (3.9) 11.9 (3.9) 14.3 (4.3) 12.1 (3.7) 11.3 (4.0) 17.5 (4.4) 13.0 (4.2) 11.6 (4.6) 8.0 (3.9)
80+ 14.0 (4.1) 12.24 (3.84) 12.6 (3.6) 11.6 (3.9) 13.0 (3.9) 11.7 (4.1) 11.2 (3.8) 16.4 (4.7) 12.6 (3.6) 10.8 (4.1) 5.9 (4.2)
Crude β
(95% C.I.)
-1.0
(-1.1 to -0.8)
-0.9
(-1.1 to -0.8)
-1.4
(-1.6 to -1.2)
-0.8
(-1.1 to -0.5)
-1.1
(-1.2 to -0.9)
-1.1
(-1.4 to -0.9)
-0.9
(-1.1 to -0.7)
-0.7
(-1.0 to -0.5)
-1.1
(-1.3 to -0.8)
-0.9
(-1.2 to -0.6)
-0.8
(-1.1 to -0.5)
Adj. β1
(95% C.I.)
-0.7
(-0.8 to -0.6)
-0.9
(-1.0 to -0.7)
-1.2
(-1.4 to -1.0)
-0.7
(-0.9 to -0.4)
-0.9
(-1.1 to -0.7)
-0.9
(-1.1 to -0.6)
-0.7
(-1.0 to -0.5)
-0.7
(-0.9 to -0.4)
-0.9
(-1.2 to -0.6)
-0.9
(-1.2 to -0.6)
-0.7
(-1.0 to -0.5)
Sex
Females 15.6 (4.2) 14.1 (3.8) 15.4 (4.0) 13.4 (4.1) 15.4 (4.2) 13.7 (3.9) 12.9 (3.9) 17.5 (4.1) 14.1 (3.8) 12.2 (4.5) 7.5 (4.1)
Males 15.5 (4.0) 13.5 (3.9) 14.5 (4.0) 12.3 (3.72) 14.9 (4.1) 12.5 (4.3) 11.5 (3.9) 18.3 (4.5) 14.8 (4.5) 13.0 (4.9) 8.5 (3.7)
Crude β
(95% C.I.)
-0.1
(-0.4 to 0.2)
-0.6
(-1.0 to -0.2)
-1.0
(-1.4 to -0.5)
-1.1
(-1.8 to -0.5)
-0.5
(-0.9 to -0.1)
-1.2
(-1.7 to -0.6)
-1.3
(-1.8 to -0.8)
0.8
(0.3 to 1.3)
0.8
(0.2 to 1.3)
0.8
(0.1 to 1.4)
1.0
(0.5 to 1.5)
Adj. β2
(95% C.I.)
-0.4
(-0.7 to -0.1)
-0.8
(-1.2 to -0.5)
-1.0
(-1.4 to -0.5)
-1.4
(-2.0 to -0.7)
-0.8
(-1.2 to -0.4)
-1.1
(-1.6 to -0.6)
-1.2
(-1.7 to -0.7)
0.1
(-0.4 to 0.7)
0.1
(-0.5 to 0.7)
-0.3
(-0.9 to 0.3)
-0.1
(-0.7 to 0.5)
Education
No Ed. 13.4 (4.9) 13.0 (3.8) 12.3 (4.7) 10.6 (3.49) 12.1 (4.0) 11.7 (3.8) 11.3 (3.6) 16.3 (4.0) 13.8 (3.9) 11.0 (4.3) 7.2 (3.8)
Some Ed. 13.9 (4.0) 13.5 (3.7) 13.1 (3.7) 12.8 (3.91) 14.5 (4.3) 12.2 (3.8) 12.5 (3.9) 16.1 (3.7) 14.1 (4.1) 12.2 (4.1) 8.8 (3.5)
Primary 15.2 (3.9) 14.7 (3.6) 14.3 (3.9) 13.4 (3.76) 15.6 (3.9) 13.9 (3.7) 13.1 (3.7) 17.7 (4.2) 15.4 (4.3) 14.0 (4.3) 10.1 (4.1)
Secondary 16.2 (3.9) 15.7 (4.1) 15.4 (3.9) 13.5 (4.65) 15.9 (4.0) 15.1 (3.6) 14.9 (3.7) 18.9 (4.1) 17.0 (4.7) 16.0 (5.2) 10.8 (3.9)
Tertiary 17.8 (3.9) 16.1 (4.5) 16.6 (4.0) 15.1 (4.5) 16.7 (4.1) 16.8 (3.5) 17.1 (4.9) 19.7 (4.7) 14.8 (6.5) 15.5 (4.8) 12.5 (3.5)
Crude β
(95% C.I.)
1.1
(1.0 to 1.3)
0.6
(0.5 to 0.8)
1.0
(0.8 to 1.2)
0.8
(0.5 to 1.0)
0.8
(0.6 to 0.9)
1.0
(0.8 to 1.1)
0.7
(0.5 to 0.9)
0.7
(0.5 to 0.9)
0.6
(0.4 to 0.7)
1.0
0.8 to 1.2)
0.9
(0.7 to 1.1)
Adj. β3
(95% C.I.)
1.0
(0.8 to 1.1)
0.6
(0.4 to 0.7)
0.8
(0.6 to 1.0)
0.8
(0.5 to 1.0)
0.9
(0.7 to 1.1)
0.9
(0.7 to 1.1)
0.7
(0.5 to 0.9)
0.7
(0.5 to 0.8)
0.4
(0.2 to 0.6)
1.0
(0.8 to 1.2)
0.9
(0.7 to 1.1)
DR = Dominican Republic
1. Adjusted for sex and education
2. Adjusted for age and education
3. Adjusted for age and sexB
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Table 5: Mean (SD) scores for CERAD word list recall (delayed recall) test by demographic status and site
Country
Cuba DR Peru Venezuela Mexico China India
Urban Urban Urban Rural Urban Urban Rural Urban Rural Urban Rural
Age
65  69 5.7 (1.9) 4.8 (1.9) 5.7 (1.8) 4.8 (1.9) 5.6 (2.0) 5.1 (1.7) 4.8 (1.8) 7.0 (1.6) 4.2 (1.8) 4.63 (2.0) 3.2 (1.8)
70  74 5.3 (1.8) 4.4 (1.8) 5.2 (1.8) 4.5 (1.9) 5.2 (2.0) 4.6 (1.8) 4.1 (1.9) 6.8 (1.7) 3.9 (1.7) 4.19 (2.0) 2.9 (1.7)
75  79 4.9 (1.9) 4.1 (1.8) 4.6 (1.8) 3.6 (1.8) 4.8 (2.1) 4.0 (1.8) 3.6 (2.0) 6.5 (1.9) 3.3 (1.7) 3.87 (2.2) 2.8 (1.7)
80+ 4.3 (1.8) 3.5 (1.9) 3.8 (1.9) 3.5 (2.0) 4.1 (2.0) 3.6 (1.8) 3.7 (1.9) 6.1 (2.2) 3.3 (1.6) 3.31 (2.1) 2.1 (1.6)
Crude β
(95% C.I.)
-0.4
(-0.5 to -0.4)
-0.4
(-0.5 to -0.4)
-0.6
(-0.7 to -0.5)
-0.5
(-0.6 to -0.3)
-0.5
(-0.6 to -0.4)
-0.5
(-0.6 to -0.4)
-0.4
(-0.5 to -0.3)
-0.3
(-0.4 to -0.2)
-0.4
(-0.5 to -0.3)
-0.4
(-0.6 to -0.3)
-0.3
(-0.4 to -0.2)
Adj. β1
(95% C.I.)
-0.3
(-0.4 to -0.3)
-0.4
(-0.5 to -0.3)
-0.6
(-0.6 to -0.5)
-0.4
(-0.5 to -0.3)
-0.4
(-0.5 to -0.3)
-0.4
(-0.5 to -0.3)
-0.3
(-0.5 to -0.2)
-0.3
(-0.4 to -0.2)
-0.3
(-0.4 to -0.2)
-0.4
(-0.6 to -0.3)
-0.3
(-0.4 to -0.2)
Sex
Females 5.1 (1.9) 4.4 (1.9) 5.1 (2.0) 4.4 (2.1) 5.3 (2.0) 4.6 (1.9) 4.3 (2.0) 6.6 (1.8) 3.7 (1.7) 4.2 (1.9) 2.7 (1.7)
Males 5.0 (1.9) 4.0 (1.8) 4.6 (1.9) 3.9 (1.9) 4.9 (2.0) 4.1 (1.9) 3.8 (1.9) 6.8 (1.9) 4.0 (1.8) 4.3 (2.2) 3.1 (1.8)
Crude β
(95% C.I.)
-0.1
(-0.3 to 0.0)
-0.3
(-0.5 to -0.2)
-0.5
(-0.7 to -0.2)
-0.5
(-0.8 to -0.2)
-0.3
(-0.5 to -0.1)
-0.5
(-0.8 to -0.3)
-0.5
(-0.8 to -0.3)
0.3
(0.1 to 0.5)
0.2
(0.0 to 0.5)
0.2
(-0.1 to 0.4)
0.4
(0.2 to 0.6)
Adj. β2
(95% C.I.)
-0.2
(-0.4 to -0.1)
-0.4
(-0.6 to -0.3)
-0.4
(-0.7 to -0.2)
-0.6
(-0.9 to -0.3)
-0.4
(-0.6 to -0.2)
-0.5
(-0.7 to -0.21)
-0.5
(-0.7 to -0.2)
0.0
(-0.2 to 0.3)
0.0
(-0.3 to 0.2)
-0.2
(-0.5 to 0.04)
0.0
(-0.3 to 0.2)
Education
No Ed. 4.2 (2.1) 4.0 (2.0) 4.0 (2.0) 3.1 (1.8) 4.1 (1.7) 3.9 (1.9) 3.7 (2.1) 6.2 (1.9) 3.6 (1.7) 3.7 (2.0) 2.6 (1.6)
Some Ed. 4.4 (1.9) 4.1 (1.8) 4.3 (1.9) 4.1 (2.2) 4.9 (2.1) 4.0 (1.8) 4.2 (1.9) 5.7 (1.8) 4.0 (1.7) 3.9 (1.8) 3.2 (1.8)
Primary 5.0 (1.8) 4.5 (1.7) 4.5 (1.9) 4.4 (1.8) 5.3 (2.0) 4.7 (1.8) 4.5 (1.8) 6.8 (1.7) 4.2 (1.8) 4.8 (2.0) 3.7 (1.8)
Secondary 5.3 (1.8) 4.9 (1.9) 5.1 (1.8) 4.8 (1.7) 5.3 (1.9) 5.3 (1.9) 5.1 (2.2) 7.1 (1.7) 4.6 (1.9) 5.5(2.1) 4.1 (1.7)
Tertiary 6.0 (2.0) 5.0 (2.1) 5.4 (2.0) 5.4 (1.7) 5.8 (2.1) 5.4 (1.7) 5.8 (1.6) 7.3 (1.9) 3.8 (2.7) 5.3 (1.6 4.0 (1.4)
Crude β
(95% C.I.)
0.5
(0.4 to 0.5)
0.2
(0.1 to 0.3)
0.4
(0.3 to 0.5)
0.4
(0.2 to 0.5)
0.3
(0.2 to 0.4)
0.3
(0.3 to 0.4)
0.3
(0.2 to 0.4)
0.3
(0.2 to 0.3)
0.2
(0.1 to 0.3)
0.3
(0.3 to 4.0)
0.3
(0.2 to 0.4)
Adj. β3
(95% C.I.)
0.4
(0.3 to 0.5)
0.2
(0.1 to 0.3)
0.3
(0.2 to 0.4)
0.4
(0.2 to 0.5)
0.3
(0.2 to 0.4)
0.3
(0.2 to 0.4)
0.3
(0.2 to 0.4)
0.2
(0.2 to 0.3)
0.2
(0.1 to 0.2)
0.4
(0.3 to 0.4)
0.3
(0.2 to 0.4)
DR = Dominican Republic
1. Adjusted for sex and education
2. Adjusted for age and education
3. Adjusted for age and sexBMC Neurology 2009, 9:48 http://www.biomedcentral.com/1471-2377/9/48
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and (b) India) and, to a lesser extent, rural versus urban
location (with marginally poorer performance on WLM
and WLR in rural compared with urban settings). Control-
ling for age, education, sex and rural/urban location, per-
formance on all cognitive tests was best among Chinese
participants, intermediate among Latin American partici-
pants, and worst among Indian participants. Chinese par-
ticipants scored one point more and Indian participants
one and a half points less on the COGSCORE than did
participants in Latin American sites. Indian participants
generated nearly six fewer animals on verbal fluency than
did participants in China and Latin America. Compared
with Latin American participants, Chinese participants
remembered on average nearly three more words out of
30 on WLM and one more word out of 10 on delayed
WLR. Indian participants, on the other hand, recalled on
average two and a half words fewer on WLM and half a
word fewer on WLR.
Discussion
We have provided normative data by age group, sex and
educational level for widely used neuropsychological tests
of global cognitive function, verbal fluency and immedi-
ate and delayed word recall in seven low or middle
income countries. People with any degrees of dementia,
including questionable dementia, were excluded. These
norms have been rigorously generated applying a stand-
ardized testing procedure amongst representative com-
munity-dwelling samples. To our knowledge this is the
largest study to date on neuropsychological tests norms
and the first to present direct comparisons between so
many culturally diverse countries.
With the exception of rural India, our norms for CERAD
WLM and WLR are well aligned with those previously
reported from affluent western countries. [4,22-24]. Our
norms for CERAD VF are comparable to previously deter-
mined norms from both Europe and North America coun-
tries [22,23,25,26] and from Latin America [27-29]. We
found that older age and lower educational level corre-
sponded to poorer performances in all four tests and
across all sites. The influences of age and educational level
on test performances were large, and consistent in size
and direction with other normative data investigations
from western countries [23]. Sex had a much weaker influ-
ence and can probably be safely ignored when construct-
ing reference norms. Likewise, while the site by age,
education and sex interactions were statistically signifi-
cant for all cognitive tests, these were very modest effects,
and the beta coefficients (Tables 2, 3, 4 and 5) are remark-
able mainly for their consistency across sites.
There was a considerable residual effect of site upon cog-
nitive test performance, not accounted for by composi-
tional differences between samples in the distribution of
age and education. Further analyses clarified that the
between-site difference was most parsimoniously
accounted for by the effect of region, with smaller effects
of rural versus urban location evident for the two memory
tests. We should still be cautious about attributing the
Table 6: The independent effects of age, education, sex and site on the four cognitive assessments, further decomposing the effect of 
site into region and rural/urban location
The independent, mutually
adjusted effects (eta2 %) of
age, education, sex and site
on cognitive test performance
Unpacking 'site'  the 
independent effects (eta2 %) of 
region and
rural/urban location
The effect of region, adjusting for age, education, sex and 
rural/urban location (95% CI)
Cognitive test Age Education Sex Site Region Rural/Urban Parameter Latin America China India
Global function
(COGSCORE)
3.3% 7.0% 0.4% 7.6% 6.8% 0.5% Adjusted 
mean
30.0 
(29.9, 30.1)
31.1 
(31.0, 31.2)
28.5 
(28.3, 28.6)
Mean 
difference
Reference 1.1 (0.9, 1.2) -1.6 
(-1.7, -1.4)
Verbal Fluency 3.1% 5.1% 0.4% 15.8% 12.2% 0.0% Adjusted 
mean
16.0 
(15.9, 16.1)
16.3 
(16.1, 16.5)
10.2 
(10.0, 10.5)
Mean 
difference
Reference 0.3 (0.0, 0.5) -5.8 
(-6.1, -5.5)
Word list 
memory
4.9% 6.5% 0.5% 16.0% 11.6% 4.1% Adjusted 
mean
13.5 
(13.4, 13.6)
16.3 
(16.1, 16.5)
11.0 
(10.7, 11.2)
Mean 
difference
Reference 2.8 (2.6, 3.0) -2.5 
(-2.8, -2.3)
Word list recall 4.7% 4.0% 0.6% 11.6% 5.1% 3.5% Adjusted 
mean
4.3 (4.3, 4.3) 5.4 (5.3, 5.5) 3.8 (3.7, 3.9)
Mean 
difference
Reference 1.1 (1.0, 1.2) -0.5 
(-0.6, -0.4)BMC Neurology 2009, 9:48 http://www.biomedcentral.com/1471-2377/9/48
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effect of region to that of language and culture. First, other
compositional differences not directly linked to culture
per se, but relevant to cognitive performance and differ-
ently distributed across sites, may not have not been taken
into consideration in our analyses. One such effect may be
the quality and nature of education received that may not
be adequately summarised in terms of level of education
[30]. Second, while we have included a wide variety of
Latin American and Hispanic Caribbean countries and
shown fairly consistent norms between them, the norms
derived from the Tamil speaking Indians in Tamil Nadu,
and the Mandarin-speaking Chinese in and around Bei-
jing clearly cannot be generalised to the vast and diverse
populations of India and China as a whole.
By design, the two cognitive tests included in the 10/66
dementia diagnosis, the CSI 'D' COGSCORE and the
CERAD WLR, were those that showed the smallest cultural
influences and the most robust cross-cultural discriminat-
ing properties [9]. This finding has now been, in part, rep-
licated in the population-based phase of our study and is
reassuring with respect to the cross-cultural validity of that
diagnosis. However, in the light of the findings with
respect to other tests, it may be necessary in the future to
use region-specific norms for the identification of impair-
ment in immediate recall or verbal fluency for the identi-
fication of those meeting cognitive impairment criteria
(1.5 standard deviations below the age- and education-
specific norms for those with no dementia) for DSM-IV
dementia [31], and amnestic and non-amnestic mild cog-
nitive impairment. The general effect of such a change
would be to lower still further the already negligible prev-
alence of DSM-IV dementia in Indian sites, and to increase
slightly the prevalence of DSM-IV dementia in Chinese
sites.
Conclusion
Cognitive assessment is a basic element for dementia
diagnosis. Age- and education-specific norms are required
for this purpose, while the effect of gender can probably
be ignored. The basis of cultural effects is poorly under-
stood, but our findings serve to emphasise that normative
data may not be safely generalised from one population to
another with quite different characteristics. The minimal
effects of region on COGSCORE and WLR are reassuring
with respect to the cross-cultural validity of the 10/66
dementia diagnosis, which uses only these elements of the
10/66 battery.
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